We isolated the chick orthologue of the Id1 helix-loop-helix gene and analyzed its expression pattern during early chick embryo development by whole-mount in situ hybridization. The Id1 expression pattern is dynamic and confined to discrete locations including the neural plate border, prospective olfactory placode, hindbrain, mesenchyme of distal branchial arches and adjacent to placodes, and the distal mesoderm of the limb buds. q
Results and discussion
The Id (inhibitor of cell differentiation or inhibitor of DNA-binding) proteins are negative regulators of basic helix-loop-helix (bHLH) family members and have a highly conserved helix-loop-helix domain but lack the basic region required for DNA-binding (Benezra et al., 1990) . Members of the Id family play important roles in cell cycle entry, apoptosis, proliferation and cellular differentiation (reviewed in Israel et al., 1999; Norton, 2000) . The expression patterns of Id genes have only been examined at early gastrula and late stages of murine development and at limited developmental stages of man, rat, Xenopus and zebrafish (Ellmeier et al., 1992; Nagata and Todokoro, 1994; Riechmann and Sablitzky, 1995; Jen et al., 1996; Jen et al., 1997; Sawai and Campos-Ortega, 1997) . Recently, chick Id2 was shown to be selectively expressed in the cranial neural tube and neural crest shortly after neurulation (Martinsen and Bronner-Fraser, 1998) . The first member of this family, Id1, was originally identified as a protein that inhibits DNA-binding of bHLH proteins (Benezra et al., 1990 ). There are four Id genes known in vertebrates and this raises the interesting questions of whether and how their gene expression patterns and functions are unique or overlapping in early embryonic development.
A set of cDNA clones of the chick Id1 orthologue was isolated by yeast two-hybrid screening using E47, a bHLH protein, as bait, in combination with classic library screening. To better understand the role of the Id1 protein in early embryonic development, we analyzed the sequence information of the chick Id1 gene and its expression pattern in early avian embryos, from early neurula to the beginning of neurogenesis at embryonic days 1-3.
Chick Id1 cDNA spans a total of 1012 nucleotides, which shows an open reading frame of 357 nucleotides encoding a putative polypeptide of 118 amino acids with a predicted molecular mass of 13 kDa (Fig. 1A) . The alignment of amino acid sequences of chick Id1 and other vertebrate homologues is shown in Fig. 1B , and the sequence homologies of these proteins are summarized in Fig. 1C .
Chick Id1 expression is detected at early stages. At stages 4-5, it is expressed in the ectoderm of the neural plate border in a pattern similar to that of the neural crest marker AP2 at this stage ( Fig. 2A,D,E) (Shen et al., 1997) . This ectoderm gives rise to placode and neural crest cells in the head and to neural crest cells in the trunk. At stages 7-8, Id1 expression is seen in the mesenchyme adjacent to the presumptive olfactory placode and ventral head ectoderm with the exception of the margin of the anterior intestinal portal (Fig. 2B,C 
,F,G).
Id1 is specifically and transiently expressed in the neuroepithelium just caudal to the prospective otic placode, excepting the neural folds and ventral midline (Fig. 2H ). This expression pattern is similar to that of Wnt8c (Esteve et al., 2000; Ladher et al., 2000) which is involved in otic placode induction (Ladher et al., 2000) .
A dorsal view of a stage 10 embryo reveals Id1 expression in the dorsal neural tube of rhombomeres 1 and 2 ( Douarin, 1987; Baker and Bronner-Fraser, 2001 ). The specific expression in rhombomeres 1 and 2 and faintly in rhombomere 4 is maintained until stage 14 (Fig. 3C,D) . At this stage, Id1 is also expressed in head mesenchyme above the eyes and in the distal mesenchyme in maxillary and mandibular branchial arches (Fig. 3G-I ). Much of this mesenchyme is neural crest-derived.
At day 3, the Id1 expression pattern is prominent in the prescleral concentration of mesenchyme around the eye and in the mesenchyme near the epibranchial and otic placodes with limited expression in the distal epibranchial placodes and otic vesicle (Fig. 4A,D-F) . Id1 is also expressed in the distal region of the branchial arches, in the caudal olfactory pit and continuously in the mesenchyme between the olfactory pit and maxillary process (Fig. 4A,G) . The expression in the rhombomeres is expanded in 3-day embryos showing a segmented pattern along the dorsal hindbrain with expression in the ventrolateral neural wall (Fig. 4B) . In addition, Id1 is expressed in the distal mesoderm of the forelimb and hindlimb buds, in which the expression is stronger in the ventral side (Fig.4C,H,I ).
Because Ids are negative regulators that interfere with Solid lines indicate the levels of the sections. Abbreviations: aip, anterior intestinal portal; eb, epiblast; fb, forebrain; fg, foregut; hn, Hensen's node; ne, neuroepithelium; ofp, olfactory placode; pa, proamnion; ps, primitive streak.
binding of bHLH proteins to DNA, their sites of localization may represent regions where bHLH activity is modulated. The discrete localization patterns observed in this study show that Id1 is present in neural crest-and/or placodederived tissues as well as the developing limb in early embryonic stages.
Experimental procedures

Construction of yeast two-hybrid library
A yeast two-hybrid library was constructed using the HybriZAP-2.1 system (Stratagene) according to the manufacturer's instruction. cDNA was generated from White Leghorn chick embryos of three to ten somites, using a Xho I-poly A linker and EcoR I linker, ligated with pAD-GAL4-2.1 vector. The complexity of this Lambda phage library is 1 £ 10 7 .
Cloning of chick Id1 cDNA
A partial cDNA of chick Id1 was isolated from yeast twohybrid screening designed to find E47 protein-binding partners. The bHLH domain of E47 protein was cloned into the pBD-GAL4 Cam phagemid vector (Stratagene) and used as bait. A 1 kb full-length cDNA of chick Id1 was obtained by further conventional library screening, following a protocol based on established methods (Sambrook et al., 1989) .
In situ hybridization
Whole-mount in situ hybridization was performed by a combined method for chick embryos (Wilkinson, 1992; Wilkinson and Nieto, 1993; Henrique et al., 1995) . Chick Id1 RNA probe was prepared from 310 bp of DNA fragment including 29 carboxyl terminal amino acids and 3 0 UTR (nucleotides #702-1012). Seven or more embryos were collected at each desired stage (Hamburger and Hamilton, 1951) and used for whole-mount in situ hybridization. The antisense probe was prepared by in vitro transcription using digoxygenin-11-UTP (Boehringer Mannheim). Anti-digoxigenin antibody conjugated to alkaline phosphatase was used as a secondary antibody and the color reaction was performed in NBT/BCIP. Hybridized embryos were embedded in 7.5% gelatin and 15% sucrose in phosphate-buffered saline and sectioned on ZEISS cryostat at 25 mm. , in caudal olfatory pit and the mesenchyme between olfactory pit and maxillary branchial arch and in the ventral mesenchyme of maxillary branchial arch (G). Id1 gene is prominently expressed in the mesenchyme adjacent to geniculate (VII) placode and otic vesicle with limited expression in the placode and otic vesicle (E, F). Sections of forelimb bud (H) and hindlimb bud (I) show specific expression in the distal mesoderm with stronger expression in ventral side. Solid lines indicate the levels of the sections. Abbreviations: fb, forebrain; fl, forelimb bud; gg, geniculate ganglia; gp, geniculate placode; hb, hindbrain; hl, hindlimb bud; ls, lens; md, mandibular branchial arch; mx, maxillary branchial arch; n, notochord; nt, neural tube; ofp, olfactory pit; os, optic stalk; ov, otic vesicle; rt, retina.
